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Objective: To determine the incidence of radiographic lumbar spondylosis (LS)and lower back pain, and
their risk factors in Japan using a large-scale population from the nationwide cohort Research on
Osteoarthritis/osteoporosis Against Disability (ROAD) Study.
Methods: Participants in the ROAD study who had been recruited between 2005 and 2007 were followed
up with lumbar spine radiography for 3 years. A total of 2,282 paired radiographs (75% of the original
sample) were scored using Kellgren and Lawrence (KL) grades, and the incidence and progression rate of
radiographic LS was analyzed. The incidence of lower back pain was also examined. In addition, asso-
ciations between risk factors and incident and progressive radiographic LS as well as incident lower back
pain were tested.
Results: Given a 3.3-year follow-up, the incidence of KL 2 radiographic LS was 50.0% and 34.4% (15.3%
and 10.5% per year), while that of KL 3 LS was 15.3% and 23.7% (4.6% and 7.2% per year) in men and
women, respectively. The progression rate of LS was 20.5% and 27.4% (6.2% and 8.3% per year) in men and
in women, respectively. In addition, the incidence of lower back pain was 28.3% and 31.2% (8.6% and 9.5%
per year) in men and women. Lower back pain was not signiﬁcantly associated with incident radio-
graphic LS, while a more severe KL grade at baseline was associated with incident lower back pain.
Conclusion: The present longitudinal study revealed a high incidence of radiographic LS in Japan.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Lumbar spondylosis (LS) and lower back pain are considered
a major public health issue causing chronic disability of the elderly
in most developed countries1,2,3e8. The prevalence of radiographic
LS is high in Japan3, with an estimated 37,900,000 individuals aged
40 years being affected by radiographic LS9. According to the
recent National Livelihood Survey of the Ministry of Health, Labour
and Welfare in Japan, lower back pain is rated ﬁrst among symp-
toms that send men to the hospital10. Despite the urgent need for: S. Muraki, Department of
al & Research Center, Faculty
: 81-3-5800-9178; Fax: 81-3-
uraki).
s Research Society International. Pstrategies to prevent and treat this condition, several cross sectional
studies have investigated the prevalence of radiographic LS3,9,11e16,
but only a few have examined the incidence and progression of
radiographic LS or their risk factors17e21. In addition, although
lower back pain is believed to be the principal clinical symptom of
LS, the correlation is not as close as would be expected, and the
ﬁndings of cross sectional studies have often indicated a disconnect
between them3,11. However, the incidences of radiographic LS and
lower back pain have never been simultaneously analyzed in
a longitudinal study.
The objective of the present study was to clarify the incidence
and progression rate of radiographic LS as well as the incidence rate
of lower back pain in Japanese men and women using the large-
scale, population-based cohort study known as Research on Oste-
oarthritis/osteoporosis Against Disability (ROAD). In addition, we
examined risk factors for the incidence and progression of LS as
well as the incidence of lower back pain.ublished by Elsevier Ltd. All rights reserved.
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Subjects
The ROAD study was a nationwide prospective study of bone
and joint diseases (with osteoarthritis and osteoporosis as repre-
sentative bone and joint diseases) in population-based cohorts
established in several communities in Japan. A detailed proﬁle of
the ROAD study has already been described elsewhere3,10,22,23, and
thus a brief summary is provided here. Between 2005 and 2007, we
created a baseline database that included clinical and genetic
information about 3,040 inhabitants (1,061 men; 1,979 women) in
the age range of 23e95 years (mean, 70.6 years), recruited from
listings of resident registrations in three communities: an urban
region in Itabashi, Tokyo; a mountainous region in Hidakagawa,
Wakayama; and a coastal region in Taiji, Wakayama. All partici-
pants provided written informed consent, and the study proceeded
with the approval of ethics committees of the University of Tokyo
and the Tokyo Metropolitan Institute of Gerontology. Participants
completed an interviewer-administered questionnaire of 400 items
that included lifestyle information such as smoking habits, alcohol
consumption, family history, and medical history. Anthropometric
measurements included height and weight, from which the body
mass index (BMI) (weight [kg]/height2 [m2]) was calculated. .
Experienced orthopaedists also asked all participants the question
regarding lower back pain: “Have you experienced lower back pain
on most days during the past month, in addition to now?” Those
who answered “yes” were deﬁned as having lower back pain based
on previous studies3.
Between 2008 and 2010, we attempted to trace and review all
3,040 participants by inviting them to attend a follow-up interview
and undergo repeat radiography. The interviews included ques-
tions about current lower back pain and were conducted by the
same trained orthopaedists who undertook the baseline study
between 2005 and 2007. Anthropometric data including height and
weight, were also obtained at follow-up.Radiographic assessment
Plain radiographs of the lumbar spine at baseline and follow-up
were taken in anteroposterior and lateral positions, and the images
were downloaded into Digital Imaging and Communication in
Medicine (DICOM) ﬁles to assess radiographic spondylosis. We
used contrast-adjusted images to detect osteophytes and inter-
vertebral spaces when the original images were obscure. Osteo-
phytes were analyzed at endplates. LS at baseline and follow-up
was read in pairs according to the Kellgren and Lawrence (KL)
grading24 (without blinding to baseline and follow-up status) at
each intervertebral level from L1/2 to L5/S by a single experienced
orthopaedist (S.M.), who was blinded to the background of each
patient. The KL scale deﬁnes radiographic OA in 5 categories: KL
grade 0, no radiographic features of OA; KL grade 1, minimal
osteophytosis only; KL grade 2, deﬁnite osteophytosis with some
sclerosis of the anterior part of the vertebral plate; KL grade 3,
marked osteophytosis and sclerosis of the vertebral plates with
slight narrowing of the disc space; and KL grade 4, large osteo-
phytes, marked sclerosis of the vertebral plates, and marked nar-
rowing of the disc space. To evaluate the intraobserver variability of
the KL grading, 100 randomly selected radiographs of the lumbar
spine were scored by the same observer more than 1 month after
the ﬁrst reading. Furthermore, 100 other radiographs were scored
by two experienced orthopaedic surgeons (S.M. and H.O.) using the
same radiographic atlas to determine interobserver variability.
Intra- and interobserver variability was evaluated by kappaanalysis. These variabilities in the KL grading on lumbar radio-
graphs were sufﬁcient for assessment (0.84 and 0.76, respectively).
For the purposes of this study, we deﬁned three LS outcomes.
Incident KL 2 radiographic LS was deﬁned if all vertebral inter-
spaces had less than grade 2 disease at baseline, and if at least one
vertebral interspace had grade 2 disease at follow-up. Incident
KL 3 radiographic LS was deﬁned if all vertebral interspaces had
less than grade 3 disease at baseline, and if at least one vertebral
interspace had  grade 3 disease at follow-up. Progressive LS was
deﬁned as KL 2 LS at baseline, excluding subjects with KL¼ 4 LS
at all vertebral interspaces because it cannot progress, and an
increase of at least one grade in the affected vertebral interspace at
follow-up.
Statistical analysis
Differences in age, height, weight, and BMI between men and
women were examined using a non-paired Student’s t-test. The
prevalence of radiographic LS and lower back pain between men
and women was compared the chi-squared test. We determined
risk factors for incident and progressive LS and incident lower back
pain using a univariate logistic regression analysis. Independent
risk factors were determined by multiple logistic regression anal-
ysis with signiﬁcant risk factors in a univariate logistic regression
analysis with age, gender and BMI, as independent variables. Inci-
dent lower back pain was deﬁned as no lower back pain at baseline
and lower back pain at follow-up. Associations between the
number of affected vertebral interspaces and incident lower back
painwere assessed using the Cochran-Armitage test for trends. The
odds ratio (OR) and 95% conﬁdence interval (CI) of the number of
affected vertebral interspaces with incident lower back pain
compared with no affected vertebral interspaces was determined
using a logistic regression analysis with adjustment for age and
BMI. Data were analyzed using SAS version 9.0 software (SAS
Institute Inc., Cary, NC).
Results
Of the 3,040 participants in the baseline study between 2005
and 2007, 125 (4.1%) had died by the time of the review 3 years
later, 123 (4.0%) did not participate in the follow-up study due to
bad health, 69 (2.3%) had moved, 83 (2.7%) declined the invitation
to attend the follow-up study and 155 (5.1%) did not participate for
other reasons. Among the 2,485 individuals who participated in the
follow-up study, we excluded 186 (6.1%) who did not undergo plain
radiography and 17 (0.6%) who provided incomplete pain ques-
tionnaires, leaving a total of 2,282 (74.4%; 758 men; 1,524 women)
from whom paired radiographs and complete pain histories were
obtained. Their median age at follow-up was 72.111.5 years. The
duration of follow-up between the initial and second radiographs
was 3.3 0.6 (mean SD) years. Those participating in the follow-
up study were younger than those who did not survive or who did
not participate for other reasons (responders 68.8 years, nonre-
sponders 74.8 years; P< 0.0001). The follow-up study participants
were also more likely to be women (responders 66.8% women,
nonresponders 60.0% women; P¼ 0.0007) and were less likely to
have LS at the baseline examination than either those who did not
survive to follow-up or those who did not participate for other
reasons (responders 68.1%, nonresponders 77.5%; P< 0.0001). The
prevalence of lower back pain was similar between responders and
nonresponders (responders 19.0%, nonresponders 18.7%; P¼ 0.91).
Table I shows the characteristics of the 2,282 participants at
baseline in the ROAD study. Men were signiﬁcantly older than
women, and the BMI was higher in men than women. The preva-
lence of KL 2 LS was signiﬁcantly higher in men than women at
Table I
Characteristics of participants at baseline
Men Women P-values
Number of subjects 758 1,524
Age at baseline, years 69.8 11.0 68.3 11.3 0.003
Height at baseline, cm 163.0 6.6 150.4 6.4 <0.0001
Weight at baseline, kg 62.0 9.7 52.1 8.6 <0.0001
BMI at baseline, kg/m2 23.3 3.0 23.0 3.4 0.054
Grip strength at baseline, kg 34.3 8.7 22.2 6.1 <0.0001
Prevalence at baseline
KL 2 (%) 79.9 62.3 <0.0001
KL 3 (%) 43.1 44.6 0.531
Lower back pain (%) 16.9 20.0 0.073
Smoking (%) 21.5 3.2 <0.0001
Alcohol (%) 63.2 23.0y <0.0001
Except where indicated otherwise, values represent mean SD.
*P< 0.05 vs. men by non-paired Student’s t-test; yP< 0.05 vs men by chi squared
test.
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between men and women.
Table II shows the rates of incident and progressive radiographic
LS as well as that of incident lower back pain. Given the 3.3-year
follow-up, the rates of incident KL 2 and 3 LS and progressive
LS, and incident lower back pain were 38%, 21%, 25%, and 30%,
respectively. The incidence of KL 2 LS was signiﬁcantly lower, but
that of KL 3 LS was signiﬁcantly higher in women than in men.
The rate of progressive LS was also signiﬁcantly higher in women
than men. The rate of incident and progressive LS increased with
age inmen andwomen (P< 0.05) (Fig. 1). The rate of incident lower
back pain was not age-dependent in either men or women
(P¼ 0.44 and 0.85, respectively) (Fig. 1). We also showed incidence
and progression of LS at each vertebral interspace in
Supplementary Table. Among the vertebral interspaces, the inci-
dent rate of KL 2 LS was highest at the L2/3 interspace. While, the
incident rate of KL 3 LS was highest at the L4/5 interspace.
Table III shows baseline risk factors for radiographic LS. Multiple
logistic regression analysis showed that age was a risk factor for
KL 2 and KL 3 LS and that higher BMI was a risk factor for
KL 2, but not for KL 3. Female gender was a protective factor
against the incidence of KL 2 LS but was a risk factor for the
incidence of KL 3 LS. A higher KL grade at baseline was a risk
factor for KL 3 LS. Lower back pain at baseline, smoking and
alcohol consumption were not associated with incident KL 2 or
KL 3 LS.We further examined the risk factors for progressive LS in
individuals with KL 2 LS, excluding those with KL¼ 4 LS at all
vertebral interspaces (Table IV). Age and female gender were also
risk factors for progressive LS, whereas BMI, lower back pain at
baseline, smoking and alcohol consumption were not associated
with progressive LS. A grade of KL 3 at baseline was a risk factor
for progressive LS compared with KL¼ 2.
We next examined the risk factors for incident lower back pain
(Table IV). KL 3 LS was associated with incident lower back painTable II
Incidence of radiographic LS and progressive LS as well as incidence of lower back pain
KL 2 LS KL 3 LS
No. at risk Incidence (%) No. at risk Incidence (%
Overall 727 274 (37.7) 1,276 266 (20.8)
Men 152 76 (50.0) 431 66 (15.3)
Women 575 198 (34.4)* 845 200 (23.7)*
Incident KL 2 and3 radiographic LS at the overall vertebral interspace was deﬁned as a
one vertebral interspace was grade 2 or higher or grade 3 or higher at follow-up, respec
Progressive LS in the overall inter spaces was deﬁned as KL 2 LS at baseline, excluding s
increase by at least 1 grade in the affected vertebral interspace at follow-up.
Incident lower back pain was deﬁned as no lower back pain at baseline and lower back
*P< 0.05 vs men by chi square test.compared with KL¼ 0 or 1, whereas age, BMI, gender, smoking and
alcohol consumption were not associated with incident lower back
pain. We next examined the association between KL grade at each
vertebral interspace and incident lower back pain (Table V). In
women, KL 3 LS at L2/3, 3/4, 4/5, and 5/S and the most severely
affected interspaces were signiﬁcantly associated with incident
lower back pain compared with KL< 3 at the corresponding
interspaces. KL 3 LS at L2/3, 3/4, 4/5 and 5/S in men tended to be
associated with incident lower back pain compared with KL< 3 at
the corresponding interspaces, but these ﬁndings did not reach
statistical signiﬁcance except for the L3/4 and L5/S interspaces.
KL 3 LS at the L1/2 interspace was not associated with incident
lower back pain in men or women. Thus, we further examined the
number of KL 3 vertebral interspaces among L2/3, 3/4, 4/5 and 5/S
interspaces (Supplementary Fig. 1). The Cochran-Armitage test for
trends showed that the incidence rate of lower back pain signiﬁ-
cantly increased as the number of affected vertebral interspaces
increased in women (P< 0.001), but not in men (P¼ 0.09). In
addition, multiple logistic regression analysis after adjustment for
age and BMI showed that having three or more KL 3 vertebral
interspaces was signiﬁcantly associated with incident lower back
pain in men (OR 1.69 95% CI 1.03e2.76) and inwomen (OR 1.77, 95%
CI 1.34e2.34).
Discussion
This is the ﬁrst population-based study to examine the rates of
incident and progressive radiographic LS as well as incident lower
back pain, and their risk factors in Japanese men and women. We
found high rates of incident and progressive LS and incident lower
back pain in Japanese men and women.
Few population-based studies have examined incident radio-
graphic LS 17,18. Symmons et al. examined radiographic changes in
the lumbar spines of Dutch women (mean age, 54 years) using KL
grade17 and found that 4.2% per year of individuals with no disc
degeneration (KL grade 0/1) but with recurrent back pain, and 3.2%
per year of those with no disc degeneration and no back pain at
baseline, had disc degeneration at follow-up. The present study
found a 27.6% incidence rate of KL 2 LS inwomen aged in their 50s
over a period of 3.3 years (9.0% per year), and thus the incidence of
KL 2 LS is apparently considerably higher in Japanese than
Caucasian women, although a strict comparison may be limited
because of differences in deﬁnition of the incidence of LS. Consid-
ering the deﬁnition of the KL grade, this may suggests that the
incidence of osteophytosis is higher in Japanese women than in
Caucasian women.
Regarding progression of radiographic LS, Symmons et al.
reported that 63.1% (7.0% per year) of individuals with disc
degeneration and with recurrent back pain, and 55.4% (6.2% per
year) of those with disc degeneration but without back pain at
baseline, had worse disc degeneration at follow-up17. The presentProgressive LS Lower back pain
) No. at risk Incidence (%) No. at risk Incidence (%)
1,530 378 (24.7) 1,849 558 (30.2)
599 123 (20.5) 630 178 (28.3)
931 255 (27.4)* 1,219 380 (31.2)
ll vertebral interspaces having less than grade 2 or 3 disease at baseline, and if at least
tively.
ubjects with KL¼ 4 LS at all vertebral interspaces because it cannot progress, and an
pain at follow-up.
Fig. 1. Ratios (%) of individuals with incident radiographic LS (KL 2 and KL 3),
progressive LS and incident lower back pain in each age stratum (<50, 50e59, 60e69,
70e79 and 80 years). Data in brackets are the number of individuals in each group.
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50s was 20.9% over a period of 3.3 years (6.3% per year) and thus the
progression rate of LS appears similar between Japanese and
Caucasianwomen. In the present study, progression of radiographic
LS was deﬁned as KL 2 LS at baseline and an increase of at least
one grade in the affected vertebral interspace at follow-up.
Considering the deﬁnition of the KL grade, progression of radio-
graphic LS may mean incidence or progression of disc space nar-
rowing in subjects with osteophytosis, thus, our results mayindicate that the incidence or progression of disc space narrowing
is similar between Japanese and Caucasian women.
Furthermore, the present study included an investigation of
KL 3 LS. To the best of our knowledge, incident KL 3 LS has
never been investigated in a population-based study. LS was not
deﬁned according to KL grade but according to osteophytosis and
disk space narrowing in the Chingford study18. That study showed
that the progression of disk space narrowing was 3.2% per year in
women whose mean age was 54 years at baseline. Our results
regarding incident KL 3 LS might be comparable to these,
considering the deﬁnition of KL grade, although a detailed
comparison provides only limited accuracy. The incidence rate of
KL 3 LS was 15.0% (4.5% per year) in Japanese women aged in
their 50s at baseline in the present study, which was also higher
than that in Caucasian women. This might in part be related to
ethnic variations.
The incidence of KL 2 spondylosis was notably higher in men
than in women, while that of KL 3 spondylosis was higher in
women in the present study. Considering the deﬁnition of KL grade,
this might mean that the incidence of osteophytosis is higher in
men, whereas the incidence of disk space narrowing is higher in
women. In fact, osteophytosis of the lumbar spine is more common
in men than in women11,12, whereas disc space narrowing is more
prevalent inwomen12. A cross-sectional study that investigated the
extent, prevalence and distribution of spinal spondylosis in women
also showed that osteophytosis and disc space narrowing signiﬁ-
cantly correlated, but each predicted only 19% of the variation in the
other13. This discordance suggests that different mechanisms
inﬂuence the initiation of osteophytosis (the principal abnormality
in KL grade 2 disease) and disk space narrowing (a principal
abnormality in KL grade 3 disease). Our ﬁndings have implications
for understanding of the pathogenesis of LS, as well as for designing
preventive strategies.
In the present study, age, BMI, gender and KL grade at baseline
were signiﬁcantly associated with incident LS; this result differed
from the ﬁndings of previous studies19e21. The UK twin spine
study19 using magnetic resonance imaging (MRI) showed that age,
BMI and gender had no detectable effect on the progression of
lumbar disc degeneration. The Finnish twin spine study also
showed that body weight was not associated with progression of
lumbar disc degeneration20. These differences may be explained
not only by the differences in the deﬁnition of progressive LS, but
also the ages of the subjects between these previous studies and
the present study. The subjects in the UK twin study and Finnish
twin study were quite younger at baseline than those in the present
study (55 years, 49 years and 69 years, respectively). The associa-
tion of these factors with LS may change among the age strata. In
addition, racial differences may exist in the association of these
factors with LS, because the prevalence or incidence of LS is
different among races3. Age, BMI and female gender were not risk
factors for lower back pain in the present study. Lower back pain
occurrence might be mainly due to environmental, rather than to
individual factors. Elderly men in particular generally retire at
around age 60e70 years, and thus the load on the lower backmight
be greater in men aged below 60 years compared with those over
60 years, which might partly explain the lack of a signiﬁcant
association between age and the incidence of lower back pain.
KL 3 LSwas signiﬁcantly associatedwith incident lower back pain
compared with the absence of LS. Cross sectional studies have
shown that the correlation between LS and lower back pain is not
as strong as would be expected, and they are often disconnected3,11.
However, this longitudinal study discovered that severe radio-
graphic LS is a risk factor for lower back pain. We further found that
the association between the number of KL 3 vertebral interspaces
and the incidence of lower back pain differed between men and
Table III
Baseline risk factors for incident radiographic LS.
KL 2 KL 3
No (%) Crude
OR
95% CI Adjusted
OR
95% CI No (%) Crude
OR
95% CI Adjusted
OR
95% CI
Age, years 1.05 1.03e1.06 1.05 1.03e1.06 1.05 1.04e1.07 1.05 1.03e1.06
BMI, kg/m2 1.07 1.02e1.12 1.07 1.02e1.13 1.01 0.97e1.06
Gender
Men 76/152 (50.0) 1.00 Reference 1.00 Reference 66/431 (15.3) 1.00 Reference 1.00 Reference
Women 198/575 (34.4) 0.53 0.37e0.76 0.50 0.34-0.72 200/845 (23.7) 1.71 1.27e2.34 2.19 1.54e3.17
Low back pain No 223/607 (36.7) 1.00 Reference 219/1078 (20.3) 1.00 Reference
Yes 51/120 (42.5) 1.27 0.85e1.89 47/198 (23.7) 1.22 0.85e1.74
Smoking No 244/661 (36.9) 1.00 Reference 246/1136 (21.7) 1.00 Reference 1.00 Reference
Yes 30/66 (45.5) 1.42 0.85e2.37 20/140 (14.3) 0.60 0.36e0.97 1.01 0.58e1.69
Alcohol No 184/476 (38.7) 1.00 Reference 185/774 (23.9) 1.00 Reference 1.00 Reference
Yes 90/251 (35.9) 0.89 0.64e1.22 81/502 (16.1) 0.61 0.46e0.82 0.87 0.63e1.20
KL grade
KL¼ 0 or 1 1.00 Reference 1.00 Reference
KL¼ 2 1.66 1.27e2.19 1.67 1.24e2.25
The adjusted ORswere calculated bymultiple logistic regression analysis after adjustment for all other signiﬁcant variables without adjustment. We did not include KL grade in
the analysis of incident KL 2 LS, because all subjects had KL¼ 0 or 1.
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of KL 3 vertebral interspaces increased in women, whereas the
incidence was similar in men with 0, 1 and 2 KL 3 vertebral
interspaces, and having 3 or more KL 3 vertebral interspaces
suddenly increased the incidence of lower back pain.
There were several limitations in this study. First, we did not
read the X-rays for osteophytes and joint space narrowing scored
separately. Furthermore, in the KL classiﬁcation, atrophic and
degenerative features of LS, which likely have different aetiology,
were combined; thus, the differences in associations with pain
between these features may have been obscured. We are devel-
oping a computer-aided diagnostic program to enable fully auto-
mated measurements of the major features of LS, including disc
space narrowing and osteophytosis on plain radiographs. The
second limitation of our study was that a single orthopaedist read
both ﬁlms in pairs without being blinded to baseline and follow-up
status. This may likely have caused the reader to over-read
progression (i.e., inﬂate sensitivity) and therefore confer bias. This
may be one reason for the higher incidence of LS in the present
study compared with other studies. Third, we used only plain
radiography to assess LS, although computed tomography (CT)/MRI
is standard practice for evaluating nonspeciﬁc lower back pain inTable IV
Baseline risk factors for progressive LS and incident lower back pain
Progressive LS
No (%) Crude
OR
95% CI Adjusted
OR
9
Age, years 1.05 1.04e1.07 1.05 1
BMI, kg/m2 1.01 0.98e1.05
Gender
Men 123/599 (20.5) 1.00 Reference 1.00 R
Women 255/931 (27.4) 1.46 1.14e1.87 1.44 1
Low back pain No 302/1225 (24.7) 1.00 Reference
Yes 76/305 (24.9) 1.01 0.76e1.35
Smoking No 348/1385 (25.1) 1.00 Reference
Yes 30/145 (20.7) 0.78 0.50e1.17
Alcohol No 253/958 (26.4) 1.00 Reference
Yes 125/572 (21.9) 0.78 0.61e0.99
KL grade
KL¼ 0 or 1
KL¼ 2 103/549 (18.8) 1.00 Reference
KL 3 275/981 (28.0) 1.69 1.31e2.18
The adjusted ORswere calculated bymultiple logistic regression analysis after adjustment
the analysis of incident KL 2 LS, because all subjects had KL¼ 0 or 1.many countries. In addition, plain ﬁlms can be affected by scoliosis,
positioning and multiple other factors, which may have affected
our results. Fourth, although experienced orthopaedists asked all
participants the question regarding lower back pain based on
previous studies3,8, we deﬁned lower back pain as present or
absent, rather than as a continuous validated measure of pain, such
as assessed by the Oswestry Disability Index25. Categorical methods
are statistically less powerful than continuous methods. In addi-
tion, severity of lower back pain was not assessed in the present
study. The association between lower back pain and other variables
might have been underestimated in the present study. Further-
more, although the psychosocial dimension is an important factor
for lower back pain26, we did not include this in our analysis. Fifth,
in the follow-up study, the responders was younger, more likely to
be women and less likely to have LS at baseline compared with the
nonresponders, which may have affected the results in the present
study, because age, gender and KL grade were found to be associ-
ated with incident LS in the present study.
In conclusion, the present longitudinal study using a large-scale
population from the ROAD study revealed a high incidence of
radiographic LS in Japan. Gender seems to be distinctly associated
with incident KL 2 and KL 3 LS, indicating that differentLower back pain
5% CI No (%) Crude
OR
95% CI Adjusted
OR
95% CI
.04e1.07 1.00 0.99e1.01 1.00 0.99e1.01
1.01 0.98e1.04 1.01 0.98e1.04
eference 178/630 (28.3) 1.00 Reference 1.00 Reference
.10e1.91 380/1219 (31.2) 1.15 0.93e1.42 1.12 0.90e1.39
503/1677 (30.0) 1.00 Reference
55/172 (32.0) 1.10 0.78e1.53
360/1162 (31.0) 1.00 Reference
198/687 (28.8) 0.90 0.73e1.11
177/607 (29.2) 1.00 Reference 1.00 Reference
118/471 (25.1) 0.81 0.62e1.06 0.86 0.64e1.14
263/771 (34.1) 1.26 1.00e1.58 1.32 1.03e1.69
for all other signiﬁcant variables without adjustment. We did not include KL grade in
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S. Muraki et al. / Osteoarthritis and Cartilage 20 (2012) 712e718 717mechanisms might inﬂuence the initiation of osteophytosis and
joint space narrowing. Lower back pain was not signiﬁcantly
associated with incident radiographic LS, whereas radiographic
severe LS was a risk factor for incident lower back pain. Further
progress, along with continued longitudinal surveys of the ROAD
study, will elucidate the environmental and genetic background of
LS.
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